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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium secondary battery 
in which decrease in capacity and increase in internal resistance 
attendant on charge/discharge cycles are retarded, and provide the 
manufacturing method of a positive active material suitable for the 



lithium secondary battery. 

SOLUTION: This lithium secondary battery is obtained by housing 
an inner electrode body 1 prepared by spirally winding or stacking a 
positive electrode plate 2 and a negative electrode plate 3 via a 
separator 4 in a battery case, then pouring an organic electrolyte. 
Secondary particles of a positive active material consist of primary 
particles whose surfaces are covered with acetylene black, and the 
positive active material layer is formed by using the secondary 
particles. Even if broken pieces are produced from the positive 




active material with the volume change of the positive active 
material attendant on charge/ discharge cycles, since the surface 
of the broken piece is covered with acetylene black, electrical 
contact with metal foil or the base secondary particles is kept, and 
decrease in the capacity of the positive active material layer and 
increase in the internal resistance are suppressed, high 

charge/discharge cycle characteristics are obtained, and the life of the battery is prolonged. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The lithium secondary battery which is a lithium secondary battery using the internal electrode object 
and the organic electrolytic solution which a laminating is wound or carried out and become as a positive- 
electrode plate and a negative-electrode plate do not contact directly through a separator, and is characterized by 
coming to form a positive-active-material layer using the aggregated particle concerned while the aggregated 
particle of positive active material consists of a primary particle by which the front face was covered with 
acetylene black. 

[Claim 2] The lithium secondary battery according to claim 1 characterized by the particle size of the 
aggregated particle concerned being 10-50 micrometers. 

[Claim 3] The lithium secondary battery according to claim 1 or 2 with which the positive active material 
concerned is characterized by being a cobalt acid lithium, a nickel acid lithium, or a manganic acid lithium. 
[Claim 4] the slurry which the aggregated particle concerned added the raw material fine particles of the 
positive active material concerned ground by even the diameter of an abbreviation primary particle to the 
solvent with which the acetylene black concerned was distributed, and was produced — or The raw material fine 
particles and the acetylene black concerned of the positive active material concerned are added to a solvent. A 
lithium secondary battery given in any 1 term of claims 1-3 characterized by drying the slurry produced by 
performing grinding to the diameter of an abbreviation primary particle of the raw material fine particles 
concerned, and distribution of the acetylene black concerned to coincidence, and being produced. 
[Claim 5] The lithium secondary battery according to claim 4 characterized by the thing of the approach of 
cracking the dry matter obtained by hot air drying and the hot air drying concerned in desiccation of the slurry 
concerned, the approach of cracking the dry matter obtained by the vacuum drying and the vacuum drying 
concerned, the approach of cracking the dry matter obtained by freeze drying and the freeze drying concerned, 
or the desiccation approach by spray dry performed by one of approaches at least. 

[Claim 6] A lithium secondary battery given in any 1 term of claims 1-5 characterized by cell capacity being 2 
or more Ahs. 

[Claim 7] A lithium secondary battery given in any 1 term of claims 1-6 characterized by being used as the 
object for electric vehicles, or an object for hybrid electric vehicles. 

[Claim 8] or [ adding the raw material fine particles of the positive active material ground even in the diameter 
of an abbreviation primary particle to the solvent with which acetylene black was distributed, and producing a 
slurry ] - or The raw material fine particles and acetylene black of positive active material are added to a 
solvent. The production approach of the positive active material characterized by drying the slurry concerned 
and obtaining an aggregated particle after carrying out whether a slurry is produced by performing grinding to 
the diameter of an abbreviation primary particle of the raw material fine particles concerned, and distribution of 
the acetylene black concerned to coincidence. 

[Claim 9] The production approach of the positive active material according to claim 8 characterized by the 
thing of the approach of cracking the dry matter obtained by hot air drying and the hot air drying concerned in 
desiccation of the slurry concerned, the approach of cracking the dry matter obtained by the vacuum drying and 
the vacuum drying concerned, the approach of cracking the dry matter obtained by freeze drying and the freeze 
drying concerned, or the desiccation approach by spray dry performed by one of approaches at least. 
[Claim 10] The production approach of the positive active material according to claim 8 or 9 characterized by 
consisting of a primary particle which the aggregated particle concerned fixed so that the acetylene black 
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concerned might cover a frontrace. 

[Claim 11] The production approach of positive active material given in any 1 term of claims 8-10 characterized 
by using a cobalt acid lithium, a nickel acid lithium, or a manganic acid lithium as the positive active material 
concerned. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the production approach of the lithium secondary battery 
which controlled the fall of the cell capacity in charge-and-discharge cycle operation, and increase of internal 
resistance, and the positive active material used for the lithium secondary battery. 
[0002] 

[Description of the Prior Art] In recent years, the lithium secondary battery has resulted in utilization as a 
rechargeable battery with big energy density which bears the power source of small electronic equipment, such 
as pocket mold communication equipment and a note type personal computer. On the other hand, a lithium 
secondary battery also has the rise of an interest to saving-resources-izing and energy saving which made the 
international earth ecology movement the background, it is expected also as a dc-battery for motorised the 
electric vehicle (EV) with which positive commercial-scene installation is advanced in the auto industry, and for 
hybrid electric vehicles (HEV) etc., and attentions have gathered for early utilization of the mass lithium 
secondary battery suitable for such an application. 

[0003] On the other hand, a lithium secondary battery is produced, using the fine particles of carbonaceous 
ingredients, such as hard carbon and a graphite, as a negative-electrode active material, is moved to a negative- 
electrode active material through the electrolytic solution with which the lithium ion in positive active material 
(Li+) dissolved the lithium electrolyte in the organic solvent of a non-drainage system at the time of charge, 
using fine particles, such as a lithium transition-metals multiple oxide, as positive active material generally, it is 
caught, and a reverse cell reaction occurs at the time of discharge. 

[0004] Here, as a lithium transition-metals multiple oxide currently used as positive active material, concretely, 
although a cobalt acid lithium (LiCo02), a manganic acid lithium (LiMn 204), etc. are mentioned, such 
positive active material consists of an aggregated particle which many submicron primary particles come to join 
together. And the positive-electrode plate with which the positive-active-material layer was formed in the 
metallic foil front face is produced by applying to the front face of a charge collector slack metallic foil that 
which slurred such positive active material. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, if Li+ secedes from LiCo02 or LiMn 204, it is known 
well that a crystal-lattice constant will change, and when Li+ configurates again conversely in the crystal lattice 
from which Li+ seceded, a lattice constant will change similarly. That is, a volume change arises in positive 
active material by change of this lattice constant, therefore — the inside of charge and discharge — the interior of 
an aggregated particle — setting — gradually — Li+ concentration in a crystal lattice — a difference — being 
generated — distortion — being generated — just — being alike — a crack arises in an aggregated particle and the 
fragment separates from the parent of an aggregated particle. Since the aggregated particle is combined by 
comparatively weak sintering of a primary particle, this fragment is the lump of a primary particle or two or 
more primary particles in many cases, and it is thought that it hardly happens that the primary particle itself 
breaks. 

[0006] In this way, the produced fragment causes [ of internal resistance ] increase while it stops contributing to 
charge and discharge consequently and the cell capacity as the whole cell decreases, since it becomes 
impossible to maintain electrical coupling with a metallic foil or a parent aggregated particle. Reduction of this 
cell capacity and increase of internal resistance are remarkable in applications, such as EV, HEV, etc. which 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/3/2005 



JP, 1 1 -329504, A [DETAILED DESCRIPTION] Page 2 of 6 




repeat many charges and discharges of a high current, and it had become a problem, the fall of a cycle-life 

property, i.e., the formation of a short life, of the cell accompanying this. 

[0007] 

[Means for Solving the Problem] The place which this invention is made in view of the trouble of the 
conventional technique mentioned above, and is made into the purpose is by securing the parent aggregated 
particle of the fragment produced in positive active material, or electric association with a metallic foil to offer 
the production approach of the lithium secondary battery which controlled the fall of cell capacity, and increase 
of internal resistance, and the positive active material used for the lithium secondary battery. That is, according 
to this invention, as a positive-electrode plate and a negative-electrode plate do not contact directly through a 
separator, it is a lithium secondary battery using the internal electrode object and the organic electrolytic 
solution which a laminating is wound or carried out and become, and while the aggregated particle of positive 
active material consists of a primary particle by which the front face was covered with acetylene black, lithium 
secondary battery ** characterized by coming to form a positive-active-material layer using the aggregated 
particle concerned is offered. 

[0008] In the lithium secondary battery of this invention, as for the diameter of an aggregated particle of 
positive active material, it is desirable that it is 10-50 micrometers, and a cobalt acid lithium, a nickel acid 
lithium, or a manganic acid lithium is suitably used as positive active material. And the aggregated particle of 
the positive active material used the slurry which added suitably the raw material fine particles of the positive 
active material ground by even the diameter of an abbreviation primary particle to the solvent which distributed 
acetylene black, and was produced — or It is desirable to add the raw material fine particles and acetylene black 
of positive active material to a solvent, to dry the slurry produced by performing grinding to the diameter of an 
abbreviation primary particle of these raw material fine particles and distribution of acetylene black to 
coincidence, and to be produced. Here, desiccation of a slurry has the desirable thing of the approach of 
cracking the dry matter obtained by hot air drying and hot air drying, the approach of cracking the dry matter 
obtained by the vacuum drying and the vacuum drying, the approach of cracking the dry matter obtained by 
freeze drying and freeze drying, or the desiccation approach by spray dry for which one of approaches is used at 
least. 

[0009] In addition, the configuration of the lithium secondary battery concerning such this invention is adopted 
suitable [ cell capacity ] for the lithium secondary battery of 2 or more Ahs. Moreover, it is desirable to be 
especially used as a lithium secondary battery for the object for electric vehicles or hybrid electric vehicles. 
[0010] furthermore, as the production approach of the positive active material used suitable for the lithium 
secondary battery concerning this invention mentioned above according to this invention or [ adding the raw 
material fine particles of the positive active material ground even in the diameter of an abbreviation primary 
particle to the solvent with which acetylene black was distributed, and producing a slurry ] - or The raw 
material fine particles and acetylene black of positive active material are added to a solvent. After carrying out 
whether a slurry is produced by performing grinding to the diameter of an abbreviation primary particle of the 
raw material fine particles concerned, and distribution of the acetylene black concerned to coincidence, 
production approach ** of the positive active material characterized by drying the slurry concerned and 
obtaining an aggregated particle is offered. 

[001 1] The thing of desiccation by the approach of cracking the dry matter obtained by hot air drying and hot 
air drying in desiccation of a slurry in the production approach of such positive active material, the approach of 
cracking the dry matter obtained by the vacuum drying and the vacuum drying, the approach of cracking the dry 
matter obtained by freeze drying and freeze drying, or spray dry which performs by one of approaches at least is 
desirable, and the aggregated particle which consists of a primary particle which fixed in this way so that 
acetylene black might cover a front face is produced. In addition, as positive active material, a cobalt acid 
lithium, a nickel acid lithium, or a manganic acid lithium is used suitably. 
[0012] 

[Embodiment of the Invention] According to the lithium secondary battery of this invention, and the production 
approach of positive active material, since the primary particle of positive active material is covered by 
acetylene black in the front face, even if it secedes from an aggregated particle, electrical coupling with a parent 
aggregated particle or a metallic foil is secured. Thereby, the lithium secondary battery using such an 
aggregated particle comes to show the charge-and-discharge cycle property of the fall of cell capacity and 
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increase of internal resistance having been controlled, consequently having excelled. It cannot be 
overemphasized that this invention is not hereafter limited to the gestalt of the following operations although 
the gestalt of operation of this invention is explained. 

[0013] A laminating is wound or carried out and the internal electrode object of the lithium secondary battery in 
this invention is constituted so that a positive-electrode plate and a negative-electrode plate may not contact 
directly through a separator. The internal electrode object 1 of the winding mold shown in drawing 1 winds the 
positive-electrode plate 2 and the negative-electrode plate 3 through a separator 4, and is produced, and, 
specifically, the lead tab 5 is usually formed for plurality in each electrode plate 2-3 according to winding die 
length, some facets of each electrode plate 2-3 with which such an internal electrode object 1 of a winding mold 
leads to each lead tab 5 — two or more element cells which consist of a product part are connected to 
juxtaposition, and it can be called the structure in which one cell which consists of the positive-electrode plates 
2 and the negative-electrode plates 3 of a large area was formed. 

[0014] Moreover, as shown in drawing 2 , the internal electrode object 7 of a laminating mold carries out the 
laminating of the positive-electrode plate 8 and the negative-electrode plate 9 by turns through a separator 10, 
and connects the lead tab 6 to each of each electrode plate 8-9. Such an internal electrode object 7 is also the 
structure where two or more element cells which consist of the positive-electrode plate 8 and the negative- 
electrode plate 9 which counter fundamentally were connected to juxtaposition. 

[0015] here — the above — even if it is which internal electrode object 1-7, the positive-electrode plate 2-8 is 
produced by forming the layer (henceforth a "positive-active-material layer") which becomes a metallic foil as a 
charge collector from positive active material. A titanium foil etc. may be used, although it excels in the 
corrosion resistance over a cell reaction as a metallic foil and cheap aluminium foil is used suitably. 
[0016] As positive active material, although the fine particles of lithium transition-metals multiple oxides, such 
as a cobalt acid lithium (LiCo02), a nickel acid lithium (LiNi02), or a manganic acid lithium (LiMn 204), are 
used suitably, there is not necessarily no need that LiCo02 grade has a stoichiometry presentation which is 
expressed with such a chemical formula. 

[0017] And in the lithium secondary battery of this invention, while the aggregated particle of positive active 
material consists of a primary particle by which the front face was covered with acetylene black, it comes to 
form a positive-active-material layer using this aggregated particle. In addition, in case this slurry is produced 
since it is necessary to produce a slurry using this aggregated particle if in charge of formation of a positive- 
active-material layer so that it may mention later, naturally it may happen that a part or all aggregated particles 
are carried out for a crack etc., and that particle size and configuration change. Therefore, it is not needed for 
the aggregated particle used for production of a slurry to exist in a positive-active-material layer in a 
configuration as it is. 

[0018] It is desirable to perform formation of the positive-active-material layer which has such a microstructure 
by controlling the gestalt of the aggregated particle of positive active material, moreover it is easy, and can 
mention the production approach of two kinds of suitable positive active material in this invention. Among 
these, a primary method adds the raw material fine particles of the positive active material ground by even the 
diameter of an abbreviation primary particle to the solvent with which acetylene black was distributed, and 
produces a slurry. How to crack the dry matter obtained with hot air drying in desiccation of this slurry, Or they 
are the approach of cracking a vacuum drying and the obtained dry matter, freeze drying and the approach of 
cracking the obtained dry matter, or the approach of desiccation approach ** by spray dry of carrying out using 
one of approaches at least, and obtaining an aggregated particle. A means by which the desiccation approach by 
spray dry cracks a dry matter among the desiccation approaches of these versatility is unnecessary here, and the 
magnitude of an aggregated particle can be adjusted and a granulation is the most desirable at an easy point. 
[0019] In addition, although it is the semantics of the primary particle which is the component about the 
aggregated particle which is raw material fine particles with "grinding even in the diameter of an abbreviation 
primary particle" mostly pulverized even to a pitch diameter, naturally, all do not necessarily need to be ground 
by even the diameter of a primary particle, and it cannot be overemphasized that you may consider as the fines 
of raw material fine particles with which the primary particle was ground further conversely. 
[0020] In this primary method, although the raw material fine particles of positive active material are 
beforehand ground by even the diameter of an abbreviation primary particle, there is especially no limitation in 
the means of grinding, for example, you may carry out on condition that wet or dry-type any here using means, 
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such as a ball mill and a vibration mill. Moreover, if in charge of the distribution to the solvent of acetylene 
black, and production of a slurry, the various distributed approaches, such as an approach using the approach 
using a ball mill, an emulsification machine, the De Dis parser, etc., can be used. 

[0021] Here, in the distribution to the solvent of acetylene black, and production of a slurry, it is desirable to 
add a suitable quantity of a binder to a solvent, and it may add various kinds of surfactants, such as a 
deflocculatant, a dispersant, and a defoaming agent, if needed. Moreover, as a solvent, pure water may be used, 
or various kinds of organic solvents, such as ethanol, an acetone, toluene, a xylene, and a gasoline, can also be 
used, and it is not limited especially. In addition, as acetylene black, that whose particle size is 10-100nm is 
used suitably. 

[0022] On the other hand, the second approach is grinding of the raw material fine particles of positive active 
material, the distribution to the solvent of acetylene black, and the approach of producing a slurry to 
coincidence further. That is, the raw material fine particles and acetylene black of positive active material are 
added to a solvent, grinding to the diameter of an abbreviation primary particle of raw material fine particles 
and distribution of acetylene black are performed to coincidence, the produced slurry is dried, and an 
aggregated particle is obtained. 

[0023] In this second approach, since it is necessary to grind the raw material fine particles of positive active 
material with wet, it is most desirable to carry out with a ball mill. It is necessary to warn against the efficiency 
of comminution falling by viscosity rise of the slurry accompanying advance of grinding of raw material fine 
particles at this time. In addition, also in this approach, the same solvent, same dispersant, etc. as the above- 
mentioned primary method can be used. 

[0024] For a start which was mentioned above, even if it is which [ second ] approach, by drying the produced 
slurry, acetylene black powder can be made to fix so that the front face of a primary particle may be covered, 
and the aggregated particle which a front face becomes from the primary particle covered by acetylene black is 
obtained. Here, although the front face of a primary particle may have the front face which it does not need to 
be completely covered with acetylene black and acetylene black has not fixed, it is desirable that it is in the 
condition of on the whole having fixed to about 1 appearance. 

[0025] In addition, as for the diameter of an aggregated particle obtained by drying a slurry, it is desirable to 
consider as the range of 10-50 micrometers. If it is the particle size of such range, since it is equivalent to the 
diameter of an aggregated particle before grinding of the raw material fine particles of positive active material, 
before this invention is completed, it is possible to use the formation conditions (coating conditions to a metallic 
foil) of a positive-active-material layer as they are. For example, formation of the positive-active-material layer 
to a metallic foil adds a binder, a solvent, etc. to the aggregated particle of the obtained positive active material, 
is made into the shape of a paste, and is performed by applying to a metallic foil front face using equipments, 
such as reverse coater. 

[0026] In the positive-active-material layer which has the microstructure which consists of an aggregated 
particle by this invention mentioned above When the fragment which a crack arises in an aggregated particle 
and consists of a primary particle or two or more primary particles by change of a crystal-lattice constant when 
Li+ secedes from positive active material or Li+ configurates in positive active material separates from a parent 
aggregated particle, even if there is Since the front face of a fragment is covered by acetylene black, electrical 
coupling with a parent aggregated particle or a metallic foil can be easy to be secured, and reduction of cell 
capacity and increase of internal resistance can be controlled. Consequently, in applications, such as EV, HEV, 
etc. which repeat many charges and discharges of a high current, improvement in a remarkable cycle-life 
property is achieved. 

[0027] Next, production of the negative-electrode plate 3-9 is explained. The negative-electrode plate 3-9 forms 
a negative-electrode active material layer in the copper foil, the nickel foils, or these alloy foils as a negative- 
electrode charge collector, and is formed in them in the shape of sheet metal. Although the approach of 
formation of this negative-electrode active material layer is the same as the production approach of the positive- 
active-material layer mentioned above, as a negative-electrode active material, carbonaceous powder [, such as 
an amorphous system carbonaceous ingredient and a natural graphite, ], such as soft carbon and hard carbon, is 
used suitably here. 

[0028] Moreover, what made the polyethylene film of lithium ion permeability which has micro pore 3 layer 
structures inserted with the porous polypropylene film of lithium ion permeability as a separator 4-10 is used 
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suitably. This serves as the insurance device which a polyethylene film becomes soft at about 130 degrees C, 
and micro pore is crushed, and controls migration of a lithium ion, i.e., a cell reaction, when the temperature of 
an internal electrode object rises. And contact of a separator 4-10 and positive/negative each electrode plate (2- 
3) - (8-9) and joining can be prevented by pinching this polyethylene film with a polypropylene film with more 
high softening temperature. 

[0029] Although the cell case according to each configuration is equipped with such various internal electrode 
objects 1-7 As the electrolytic solution with which the internal electrode object 1-7 is infiltrated, and a cell case 
is filled up here Ethylene carbonate (EC), diethyl carbonate (DEC), It adds to the thing of a carbonate system 
called dimethyl carbonate (DMC). Propylene carbonate (PC), gamma-butyrolactone, a tetrahydrofuran, To the 
independent solvent or mixed solvents of an organic solvent, such as an acetonitrile, the lithium complex 
fluorine compound of LiPF6 as an electrolyte, or LiBF4 grade, Or the organic electrolytic solution of a non- 
drainage system which dissolved one kind or two kinds or more is suitably used in a lithium halogenide called 
LiC104. Furthermore, the solid polymer electrolyte which made the electrolytic solution produced in this way 
gel can also be used. 

[0030] Now, although drawing 3 is the sectional view showing another operation gestalt of the internal 
electrode object 19 which has a laminated structure As for the internal electrode object 19, the positive-active- 
material layer 14 is formed on the 1 front face of the positive -electrode charge collector 1 1 of the shape of 
tabular or a foil. On the other hand on the 1 front face of the negative-electrode charge collector 12, the 
negative-electrode active material layer 15 is formed. The front faces of each charge collector 11-12 in which 
the electrode layer 14-15 is not formed, respectively are connected electrically. And a laminating is carried out 
to two or more steps, and it is constituted so that the front face of the positive-active-material layer 14 and the 
front face of the negative-electrode active material layer 15 may counter through a separator 17 or a solid 
electrolyte 18 mutually. Unlike the internal electrode object 1-7 mentioned above, the internal electrode object 
19 in this case serves as the configuration that the element cell was connected to the serial. 
[0031] In such an internal electrode object 19, it cannot be overemphasized that it is desirable that coating 
formation is carried out using the aggregated particle of the positive active material which consists of a primary 
particle by which the front face was uniformly covered with acetylene black which the positive-active-material 
layer 14 mentioned above. In addition, the negative-electrode active material layer 15 is also formed by the 
approach mentioned above. 

[0032] Especially the lithium secondary battery of a charge-and-discharge cycle property of this invention with 
which the reduction of cell capacity and the control of increase of internal resistance in a positive-active- 
material layer were achieved as above-mentioned improves, when 2 or more Ahs of cell capacity are used 
suitable for a certain cell, and the effectiveness that short life-ization of a cell is suppressed shows up notably. 
Therefore, it can use suitably as the object for EV, or an object for HEV. It cannot be overemphasized that it is 
not that by which this invention is limited to the following examples hereafter although an example explains 
this invention. 
[0033] 

[Example] The cell concerning an example was produced by the following approaches. First, in observation by 
the scanning electron microscope (SEM), 20LiMn4 fine particles whose diameter of a primary particle is 1-5 
micrometers and whose diameter of an aggregated particle is 10-50 micrometers were used as the positive- 
active-material raw material, the pure water of the 150 weight sections was added to the 100 weight sections of 
these raw material fine particles, and grinding processing was carried out in the vibration mill for 2 hours using 
the zirconia ball of 5mmphi. It was ground by the primary particle around about 1 micrometer when the particle 
was again observed in SEM after grinding. 

[0034] Next, to the LiMn204 fine-particles 100 weight section which consists of this primary particle, the 
emulgen as the polyvinyl alcohol as the acetylene black of 4 weight sections and a binder of 1 weight section 
and a surfactant of 2 weight sections was added, pure water was added and the slurry was produced so that it 
might become the viscosity suitable for spray-drying. Subsequently, this slurry was dried and corned with the 
spray dryer, and 20LiMn4 fine particles with a particle size of 10-50 micrometers were obtained. The obtained 
fine particles were kept in the vacuum dryer, and prevented adsorption of moisture. 

[0035] In this way, the acetylene black of the thing 120 weight section which dissolved the poly vinylidene 
fluoride (PVDF) as a binder in the normal methyl pyrrolidone (NMP), and 4 weight sections was mixed to the 
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100 weight sections of 20LiMn4 produced fine particles, the positive-electrode paste was produced, it applied 
to both sides of aluminium foil with a width of face of 85mm, and the positive-electrode plate was produced. 
On the other hand, 80 weight sections were mixed for NMP (the same thing as what was used for production of 
a positive-electrode paste) which dissolved PVDF to the meso carbon fiber (MCF) fine-particles 100 weight 
section as a negative-electrode active material, the negative-electrode paste was produced, and the negative- 
electrode plate was produced by applying to both sides of copper foil with a width of face of 100mm. 
[0036] These positive-electrodes plate and the negative-electrode plate were wound through the separator which 
consists of a three-tiered structure which sandwiched polyethylene (PE) with polypropylene (PP), after 
containing in an aluminum case, the electrolytic solution which dissolved LiPF6 as an electrolyte in the mixed 
solution of EC and DEC was poured in, the aluminum case was sealed, and the lithium secondary battery of an 
example was produced. The initial capacity of the lithium secondary battery of this example was 10Ah(s). 
[0037] It used as it is, without performing processing from grinding processing according the raw material fine 
particles of LiMn 204 which used the lithium secondary battery as an example of a comparison in production of 
the above-mentioned example to a zirconia ball to [ to the lithium secondary battery of the above-mentioned 
example ] spray dry on the other hand, and other conditions were produced by supposing that it is the same as 
the above-mentioned example. The initial capacity of the lithium secondary battery of this example of a 
comparison was also 10Ah(s). 

[0038] The durability test was performed by repeating this by making into 1 cycle the charge-and-discharge 
cycle shown each in drawing 4 about one lithium secondary battery of the example mentioned above and the 
example of a comparison. It was set as the pattern which stops for 18 seconds after 1 cycle discharges the cell of 
charge [ 50% of ] condition for 9 seconds in equivalent to 10C (discharge rate) current 100A, as shown in 
drawing 4 , charges [ 70 A ] for 27 seconds by 18 A continuously after the charge during 6 seconds after that, and 
is again made into charge [ 50% of ] condition. In addition, in order to know change of the cell capacity under 
this durability test, volumetry set to charge halt electrical-potential-difference 4.1V and extinction voltage 2.5V 
by the current strength of 0.2C was performed suitably. 

[0039] Change of the cell capacity in a durability test is shown in drawing 5 . Here, in drawing 5 , cell capacity 
made the early value 100%, and has standardized the subsequent value. In an example, although the capacity 
fall in the early stages of a trial is seen, a subsequent fall is small and it turns out to the almost fixed value being 
shown that cell capacity is falling with experimental progress in the example of a comparison. In addition, in an 
example, although the amount of the acetylene black added compared with the example of a comparison has 
increased, even if it adds the acetylene black of the same amount as an example in production of the example of 
a comparison, it is temporarily, guessed clearly therefore by that the existence conditions in the positive-active- 
material layer of acetylene black differ easily that the situation or inclination of change of cell capacity do not 
change. 
[0040] 

[Effect of the Invention] As mentioned above, since according to the lithium secondary battery of this invention 
the front face of a fragment is covered by conductive acetylene black and electrical coupling with a metallic foil 
or a parent aggregated particle is maintained even if a fragment arises from positive active material in 
connection with the volume change of the positive active material by charge and discharge, capacity reduction 
of a positive-active-material layer and increase of internal resistance are controlled, the outstanding charge-and- 
discharge cycle property is acquired, and the outstanding effectiveness that reinforcement of a cell is attained is 
done so. Furthermore, as the result, an output loss becomes small, a high increase in power is attained, and the 
outstanding effectiveness that a high current can be stabilized and it can discharge now is also done so. 
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